Aim/hypothesis. To examine whether nuclear magnetic resonance lipoprotein spectroscopy improves the prediction of coronary artery disease in patients with Type 1 diabetes, independently of conventional lipid and other risk factors. Methods. A prospective nested case-control design of subjects with childhood onset Type 1 diabetes from the Pittsburgh Epidemiology of Diabetes Complications Study was used. 59 controls were age-, sex-and duration-matched to 59 incident cases of coronary artery disease (fatal or non-fatal myocardial infarction, angina, coronary stenosis >50%) occurring during 10 years of follow-up. Lipid mass and particle concentrations of VLDL, LDL, and HDL subclasses, grouped into three size categories (large, medium, and small), were assessed prior to event with nuclear magnetic resonance spectroscopy. Results. Univariate analyses showed that both lipid mass and particle concentrations of all three VLDL subclasses, small LDL, medium LDL, and medium HDL were increased in CAD cases compared to controls, while large HDL was decreased. Mean LDL and HDL particle sizes were lower in cases. In multivariate models using conventional lipid and non-lipid risk factors, triglycerides and overt nephropathy were the strongest predictors of CAD. Nuclear magnetic resonance measures further improved the prediction, i.e. large HDL particle concentration (OR=0.43, p=0.030), medium HDL mass (OR=3.79, p=0.026) and total VLDL particle concentration (OR=2.33, p=0.033). Conclusion/interpretation. While these results underscore the importance of triglycerides and overt nephropathy in CAD risk in Type 1 diabetic patients, they also suggest that nuclear magnetic resonance lipoprotein spectroscopy could further refine its prediction and show novel findings concerning HDL subclasses. [Diabetologia (2003) 46:674-682] 
lipid or lipoprotein concentrations tend to be relatively normal in Type 1 diabetic patients with adequate glycaemic control [2, 3] . In contrast, Type 1 diabetic patients with poor glycaemic control [4] and those with diabetic nephropathy [5, 6] show atherogenic lipid abnormalities consistent with the increased risk of cardiovascular morbidity and mortality which accompanies development of diabetic nephropathy [7] .
Thus, an important part of the cardiovascular risk in Type 1 diabetic patients could be mediated by atherogenic lipid abnormalities. However, limited information is available for Type 1 diabetic patients with coronary artery disease (CAD), although increased Although patients with Type 1 diabetes have a cardiovascular mortality risk which is up to 10-fold higher compared to non-diabetic subjects [1] , conventional levels of total and LDL cholesterol and triglycerides have been documented [8, 9] , as have lipoprotein compositional abnormalities [10, 11] .
Studies on non-diabetic subjects have shown that measurements of lipoprotein subclass distributions by electrophoresis or ultracentrifugal separation, could enhance assessment of CAD risk, for example, as with the increased risk seen in subjects who have a preponderance of small, dense LDL (pattern B) particles [12, 13, 14] . Specific effects of HDL subclasses on cardiovascular disease have also been observed, ie. a protective effect for large HDL subfractions (HDL 2b ) [15] and an increased risk for small HDL particles (HDL 3b and 3c ) [16] .
Unlike traditional separation methods, which are laborious and time-consuming and usually measure subclass levels in relative (percentage) terms, NMR spectroscopy is automated and provides rapid, direct quantification of several VLDL, LDL, and HDL subclasses simultaneously [17, 18] . The method relies on the observation that each lipoprotein subclass emits a lipid spectral signal that varies in a characteristic way as a function of particle diameter, irrespective of differences in lipid composition.
To date, only two studies of Type 1 diabetic subjects have used NMR lipoprotein subclass analysis [19, 20] , and neither examined relations with incident CAD. The aim of our study was therefore to examine whether NMR-measured lipoprotein subclasses improve the prediction of CAD in patients with Type 1 diabetes beyond that achieved using conventional risk factors and chemically-measured lipids. Separate evaluations were conducted using NMR concentrations expressed either in particle number or in lipid mass concentration units.
Subjects and Methods
The Pittsburgh Epidemiology of Diabetes Complications (EDC) study is a 10-year prospective follow-up study of risk factors for complications in childhood onset Type 1 diabetes mellitus. Full details of the design and recruitment in the EDC study have been published elsewhere [21] . All study participants gave informed consent and the protocol was approved by the relevant ethics committee.
Study design and population. Between 1950-1980, 658 Type 1 diabetic patients were recruited from the Children's Hospital of Pittsburgh (CHP) registry, which has been shown to be representative of the Allegheny County population [22] . All subjects were diagnosed before the age of 17 years and first seen at CHP within a year of diagnosis and were on insulin therapy at discharge. These 658 subjects were first assessed in the period 1986 to 1988 and biennially thereafter, for a total of 10 years follow-up, ending in the period 1996 to 1998. Subjects refusing clinic attendance completed a medical history questionnaire. A nested case-control study was designed using the 10 year follow-up data, selecting 71 CAD cases who had plasma available prior to the event. Of these, four cases had missing risk factor data. A similar number of control subjects who had not developed a coronary event were pair matched by age (±3 years), sex, and duration (±3 years) of diabetes. Of these 67 pairs, 59 had (enzymatically assessed) fasting triglyceride levels less than 4.5 mmol/l, permitting LDL cholesterol calculations, which formed the basis of these analyses.
Measurements. Before attending the clinic, all participants completed a questionnaire concerning demographic information and medical history. An ever-smoker was defined as a person who has smoked 100+ lifetime cigarettes. Sitting blood pressure was measured according to the Hypertension Detection and Follow-up Program protocol [23] using a random zero sphygmomanometer. Hypertension was defined as blood pressure greater than or equal to 140/90 mm Hg or the taking of anti-hypertensive medication.
Laboratory techniques. Fasting blood samples were taken including an EDTA plasma sample separated within 30 min of blood draw and frozen at −70°C until being sent for NMR spectroscopy and other analyses. Total glycosylated haemoglobin (HbA 1 ) values were originally measured using cationexchange microcolumn chromatography (Isolab, Akron, Ohio), up to October 26, 1987 after which high-performance liquid chromatography was used (Diamat, Bio-Rad, Hercules, Calif., USA) (interassay CV of 2.25%).
Cholesterol and triglycerides were measured enzymatically [24, 25] . HDL cholesterol was asayed using a modification of the Lipid Research Clinics method by a heparin and manganese procedure [26] . LDL cholesterol was calculated using the Friedewald equation [27] , which has been previously validated in this population [28] . Non-HDL cholesterol was calculated as total cholesterol minus HDL cholesterol. Apolipoprotein A1 and apolipoprotein B were measured by immuno-electrophoresis [29] . Fibrinogen was assayed with a biuret colormetric procedure and a clotting method, and white blood cell (WBC) counts using the Coulter S-Plus IV.
Estimated Glucose Disposal Rate (eGDR), an inverse marker of insulin resistance, was calculated using a previously described regression equation (involving HbA 1 , WHR and hypertension) derived from hyperinsulinaemic euglycaemic clamp studies [30] .
Lipoprotein subclass profiles were measured on freshlythawed frozen plasma samples by proton NMR spectroscopy (LipoScience, Raleigh, N.C., USA) [17, 18, 31] . The NMR method uses the characteristic signals broadcast by lipoprotein subclasses of different size as the basis of their quantification. Each subclass signal emanates from the aggregate number of terminal methyl groups on the lipids contained within the particle. Cholesterol esters and triglycerides in the particle core each contribute three methyl groups and phospholipids and unesterified cholesterol in the surface shell each contribute two methyl groups. To a close approximation, the diameter of the particle determines the number of methyl groups present (and hence, the amplitude of the methyl NMR signal), irrespective of differences in lipid composition arising from, for example, variations in the relative amounts of cholesterol ester and triglycerides in the particle core, varying degrees of unsaturation of the lipid fatty acyl chains, varying phospholipid composition, etc. For this reason, the methyl NMR signal emitted by each subclass serves as a direct measure of the concentration of that subclass.
NMR spectra of each plasma specimen (0.25 ml) were acquired in duplicate at 47°C on an automated 400 MHz lipoprotein analyzer (LipoScience) and the lipid methyl signal envelope decomposed computationally to give the amplitudes of the contributing signals of 16 VLDL, LDL, and HDL subclasses. Using calculations based on standard assumptions about relations between lipoprotein diameter and lipid content, Neuropathy was assessed by vibration threshold determination and included peripheral neuropathy, or distal symmetric polyneuropathy determined according to the Diabetes Control and Complications Trial clinical examination protocol [38, 39] .
Clinical CAD was defined using standardized criteria as a history of MI confirmed by ECG Q-waves, Minnesota Codes (MC) 1.1, 1.2, or hospital records, fatal CAD based on death certificates coded according to standard methodology, coronary revascularisation or coronary artery occlusion greater than or equal to 50% by angiography. Ischaemic ECG was defined as MC 1.3, 4.1 to 4.3, 5.1 to 5.3, or 7.1. Angina was diagnosed by the EDC physician at each visit.
Statistical analysis. Statistical analyses were carried out using SAS statistical package (SAS, Cary, N.C., USA). Log-transformations were used for variables with skewed distributions. The paired Student's t test was used for conventional, lipid risk factors and NMR-derived lipoprotein measures to test for significant differences between CAD cases and controls. McNemar tests were used for the difference between CAD cases and controls in categorical variables. Spearman rank correlations were used to assess associations between NMR-derived variables and other risk factors. Stepwise conditional logistic regression models were used to assess the order of importance of these new and conventional risk factors. Standardised odds ratios were estimated from these models, Exp(β*SD). The nested models were compared by the Akaike's Information Criterion (AIC): log(L) is the log-likelihood evaluated at the maximum likelihood estimates of the model parameters, and q is the number of parameters in the model. The first term is a measure of how well the model fits the data, and the second term is a penalty for the addition of parameters. The model giving the smallest value of AIC or log likelihood is selected by the criterion as the best model.
A p value of less than 0.05 was considered statistically significant.
Results
As expected, age, sex and duration of diabetes (matching variables) were equally distributed between the 59 CAD cases and controls (Table 1) . Subjects with subsequent CAD were more likely to be an ever smoker, have overt nephropathy and retinopathy, to have a higher WHR and a lower eGDR. Higher mean non-HDL cholesterol, triglycerides, apolipoprotein B and A1/HDL cholesterol ratio and lower mean HDL cholesterol concentrations were found for CAD cases.
Unadjusted relationships of incident CAD with mean levels of NMR-measured lipoprotein subclasses expressed in lipid mass concentration units are shown (Table 2 ). Similar data for NMR particle number concentration are also shown (Table 3 ). In addition, values for the average VLDL, LDL, and HDL particle sizes in the CAD case and control groups are reported ( Table 2) . Levels of total VLDL and all three VLDL subclasses were higher for the CAD cases compared to the controls, using either measure. However, mean the NMR spectral data can be transformed to give subclass concentrations expressed either in particle concentration units (nanomoles of particles per litre, nmol/l) or, alternatively, in cholesterol or triglyceride mass concentration units (mg/dl or mmol/l). Conversion factors to relate these signal amplitudes to either particle concentration or lipid mass concentration units were obtained from NMR and chemical analysis of a set of purified subclass standards. These reference standards were isolated from a diverse group of normo-and dyslipidemic individuals by a combination of ultracentrifugation and agarose gel filtration chromatography and characterized for size distribution by electron microscopy (VLDL, LDL) or polyacrylamide gradient gel electrophoresis (HDL). Triglyceride and cholesterol measurements on each subclass standard were also carried out. Particle concentrations (nmol/l) were derived for each subclass standard by determining the total concentration of core lipid (cholesterol ester plus triglycerides) and dividing the volume occupied by these lipids by the core volume per particle calculated from knowledge of the particle's diameter [32] . Lipid mass concentrations of VLDL subclasses are expressed in mmol/l triglyceride units and those of the LDL and HDL subclasses in mmol/l cholesterol units. Summing the relevant subclass concentrations gives NMR-derived values for total VLDL triglycerides, LDL cholesterol, and HDL cholesterol. It is emphasized that these NMR-derived lipid values come from direct measurement of the lipoprotein particles carrying the lipids, not from actual lipid measurements. They are, in effect, the lipid values expected for a person with "normal" lipoprotein particles, since the conversion calculations assume that each subclass particle contains the same, normal amount of cholesterol and triglycerides contained in the corresponding isolated subclass standard.
For data analysis, the 16 measured subclasses were grouped into the following 10 subclass categories: large VLDL (60-200 nm), medium VLDL (35- , and small HDL (7.3-8.2 nm). Weighted average VLDL, LDL, and HDL particle sizes (nm diameter) were computed as the sum of the diameter of each subclass multiplied by its relative mass percentage as estimated from the amplitude of its methyl NMR signal. LDL and HDL subclass distributions determined by NMR and gradient gel electrophoresis are highly correlated [33, 34] . NMR-derived LDL and IDL subclass diameters are uniformly about 5 nm smaller because they are referenced to diameters assayed by electron microscopy [35] . There was no evidence of changes in NMR measurement related to the time of storage of the frozen samples.
Complications. Retinopathy was determined by standard 3-field fundus photographs read by the Fundus Photography Reading Center, University of Wisconsin (Madison) and defined as advanced background retinopathy (grade [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] and proliferative retinopathy (grade >60) compared to mild or no retinopathy (grade <30) [36] .
Overt nephropathy (ON) was defined as having an albumin excretion rate greater than 200 µg/min in at least two of three timed urine collections (24-h, overnight and 4-h post-clinic), renal failure (serum creatinine >440 µmol/l), undergoing dialysis, or a kidney transplantation. Microalbuminuria was defined as an albumin excretion rate between 20 and 200 µg/min. Urinary albumin was determined immuno-nephelometrically [37] (interassay coefficient of variation of 15.2%). Urinary creatinine concentrations were measured using an analyzer (Ekachem 400 analyzer, Eastman Kodak, Rochester, N.Y., USA) (interassay CV of 5.6%).
VLDL size did not differ between the two groups. Among the LDL subclasses, small LDL and medium LDL levels were increased in CAD cases compared to controls, with total LDL expressed as lipid mass being borderline significant (p=0.049), but significant expressed as particle concentration (p≤0.01). Average LDL size was also smaller in cases versus controls (20.6 vs 21.0 nm).
A higher proportion of detectable levels of IDL subclasses were found in the CAD cases compared to ) . Levels of total HDL and large HDL subclass were lower in those with CAD compared to the controls with both measures, while levels of small HDL did not differ. In contrast, levels of the medium-size HDL subclass were found to be higher in those with CAD.
Spearman rank correlations between enzymatically measured lipids and NMR spectroscopy measured lipoprotein subclasses are shown (Table 4 ). There was a high correlation between enzymatically measured triglycerides and NMR-derived total VLDL (r=0.85, p≤0.001), total LDL cholesterol and NMR-derived total LDL mass (r=0.72, p≤0.001) and between total HDL cholesterol and NMR-derived total HDL mass (r=0.88, p≤0.001). Enzymatically measured triglyceride levels were also correlated with NMR derived medium HDL (r=0.30). Enzymatic HDL cholesterol did not correlate with NMR-derived small or medium HDL. Although HbA 1 correlated with small VLDL (r=0.24, p≤0.01) and medium LDL (r=0.23, p<0.05), there were no correlations between HbA 1 and other VLDL, LDL and any of the HDL subclasses (data not shown in Table) .
To assess the effect of each set (mass, size, particle number) of NMR variables on the prediction of CHD, all of these were added one by one to a Multivariate conditional logistic regression model with established risk factors (Model 2, Table 5 ). Models 3 to 5 assessed the independent predictive effect of each NMR set of variables above the established risk factors. Only those risk factors which were related to CHD in univariate models (Table 1, Table 2 ) were entered in these models in Table 5 . The independent predictive effect was assessed, limited by the high correlations between these risk factors.
The most important non-lipid risk factor for CAD was overt nephropathy (Table 5 , Model 1). There was no independent relationship with WHR, eGDR, smoking and retinopathy. As only one CAD case was on lipid lowering therapy and none of the subjects had used aspirin, the effect of these drugs could not be assessed. There were however, 26 patients on blood pressure lowering drugs (≥1 of the following: ACE in- (Table 5 , Model 3), prediction was further improved by the replacement of triglycerides with medium HDL cholesterol mass and total VLDL triglyceride mass. IDL was entered into model 3, but did not add to the prediction of CAD. Use of NMRderived average lipoprotein particle sizes in place of NMR subclass concentrations did not improve the model (Table 5 , Model 4). Availability of NMR particle concentration information (Table 5 , Model 5) instead of NMR lipid mass concentration information (Table 5 , Model 3) resulted in a slightly improved prediction, with large HDL, medium HDL, total VLDL, and overt nephropathy as independent risk factors for CAD. This final model was confirmed in a further analysis (Table 5 , Model 6) in which only the significant variables from the previous models were available.
When the data set was expanded to include the further eight matched pairs, in which fasting triglycerides were not available, but non-HDL cholesterol was, similar results were obtained, with VLDL particle concentration (OR=3.54, 95% CI: 1.63-7.68, p=0.001), medium HDL mass (OR=3.10, 95% CI: 1.34-7.19, p=0.008), and overt nephropathy (OR=5.76, 95% CI: 1.13-29.42, p=0.03), but not large HDL particle concentration, being retained in the model.
Discussion
This prospective study suggests that NMR-derived lipoprotein measures, ie. total VLDL particle number and large and medium size HDL subclasses predict CAD in Type 1 diabetic patients, independently of previously recognized risk factors, including renal disease which was also an independent predictor. Of particular interest is the positive association of medium HDL with CAD in contrast to the usual negative HDL association. It is difficult to make definite conclusions about which particular subclasses are independent predictors of CAD, due to multiple testing and small p values, however, from univariate analyses all VLDL subclasses, small and medium LDL and medium and large HDL subclasses as well as average LDL and HDL size seem to be related to the development of CAD.
To date, studies in Type 1 diabetic patients with cardiovascular disease and enzymatically-measured lipids and lipoproteins show increased concentrations of total and LDL cholesterol and total and VLDL triglycerides in the cases [4, 7, 8, 40, 41] . The majority of these studies, however, did not adjust for other risk factors, and none have used NMR spectroscopy.
VLDL.
In univariate analysis, all three NMR-derived VLDL subclasses were related to CAD, whether levels were expressed as particle or triglyceride mass concentrations. Enzymatically-measured triglycerides were also an important univariate predictor. In multivariate analysis, total VLDL particle number was an independent predictor of CAD. subclasses, there is some confusion in the literature as to the nature and relative importance of different subclasses in terms of their effect on cardiovascular disease. Some studies observed a "protective" effect for large HDL subfractions (HDL 2b ) [15] while others focus on an increased risk of CVD for subjects with small HDL particles (HDL 3b and 3c ) [16] . The current study suggests that increased medium HDL subclass could play an additional role in the prediction of CHD. Another cross-sectional study, dividing three LpA-I subclasses by gradient gel electrophoresis reported similar findings in normotriglyceridaemic and hypertriglyceridaemic CAD patients [49] . Inverse associations were found with CAD for the large and positive associations for the intermediate subclass [49] . Further study is needed to determine the mechanistic role of medium HDL (if any) in terms of cholesterol efflux. The solitary positive association between medium HDL and triglycerides suggests it could reflect disordered VLDL catabolism. There are a number of important clinical inferences from these data. These include recognition that as HDL cholesterol levels generally are higher in Type 1 diabetes, it would, given the current results, be unwise to attribute any benefit, thereby, as some of the increase is likely to reflect the possibly atherogenic medium HDL subclass. Furthermore, as previously suggested, these findings of clear differences in HDL subfractions in Type 1 diabetes should caution against using the same level to determine risk status as in the general population.
NMR method. We believe that NMR spectroscopy has improved our ability to characterize those Type 1 diabetic subjects at increased risk for CAD events. The ability to provide data on particle concentration clearly shows that the total number of VLDL particles is the critical measure. In the HDL subfractions, NMR clearly shows a subclass which in contrast to the general picture, shows a direct positive relationship to CAD risk. The value of NMR subclass measures is also shown in the LDL data, which clearly shows a risk for small and medium LDL subclass. An important issue is whether to report NMR lipoprotein data in particle or lipid mass concentration terms. In our data, total LDL particle concentration is related more strongly to CAD than total LDL cholesterol mass, whereas total HDL particle concentration is slightly less strongly associated with CAD than total HDL cholesterol mass. These results are in accord with the observed strengths of CAD association with the small and medium LDL and large HDL subclasses, since on theoretical grounds it is expected that lipoprotein particle concentrations will be weighted more heavily by contributions made by smaller, relatively lipid-poor particles, whereas lipoprotein lipid mass concentrations will be weighted more heavily by contributions made by larger, lipid-rich particles. It
While there is little comparable data on VLDL subclasses, prior studies in Type 1 diabetes [40, 42] and in non-diabetic subjects (using the NMR technique) [43] support a relation between VLDL and cardiovascular disease. In contrast, smaller chylomicron and VLDL "remnant" particles and post prandial hyperlipidaemia have classically been viewed as atherogenic [44, 45] . Although increased levels of triglycerides have been correlated to other atherogenic and prothrombotic changes such as increases in small dense LDL and decreases in HDL cholesterol [13, 14] , the availability of these latter variables in the current analyses suggests that the VLDL subclass particles are indeed of primary importance. This is further supported by a meta-analysis in the general population which showed that an increase in plasma triglycerides was associated with both a 32% increased cardiovascular risk in men and a 76% increased risk in women, independent of HDL cholesterol and other risk factors [46] .
LDL.
Total LDL cholesterol concentrations, measured enzymatically and calculated by Friedewald or estimated by NMR spectroscopy, were not associated with CAD. However, LDL particle concentrations measured by NMR or estimated by apolipoprotein B levels were strongly related to CAD. The explanation for this difference is that the small and medium LDL subclasses are the LDL fractions associated with CAD. Since small LDL particles contain considerably less cholesterol than larger LDL, they make a relatively small contribution to total LDL cholesterol mass than they do to the total LDL particle number. Thus, LDL particle concentration shows a stronger univariate disease association than LDL cholesterol. A probable reason for the failure of small, medium LDL and total LDL particle number to predict CAD independently in multivariate analyses is the high correlation of these variables with other lipids and lipoproteins, making it difficult to assess independence. In non-diabetic subjects, small LDL has been shown to be associated with up to a three-fold increased risk of coronary artery disease independent of age, sex and weight [13, 14] . Our results also confirm previous findings of the EDC study (8-year follow-up), where small dense LDL (measured by ultracentrifugation) was associated with CAD, but was only of borderline significance and statistically explained by triglycerides [47] . Similarly to LDL, no independent association was shown with IDL although the increased proportion of detectable IDL in those with CAD in univariate analysis could suggest that IDL might play a small role, in Type 1 diabetes.
HDL. HDL has been proposed to protect against the development of cardiovascular disease by facilitating transport of cholesterol from peripheral cells to the liver by reverse cholesterol transport [48] . For HDL would thus seem that both particle and lipid mass concentrations are of relevance.
These data also suggest that use of individual lipoprotein subclass levels might be more useful than overall mean particle sizes. Indeed, mean particle sizes did not improve the prediction of CAD compared to enzymatically-measured lipids and conventional risk factors. Consistent with our results, no clear relationship between particle size and calcification was shown in a recent publication on Type 1 diabetic patients [20] .
EDC study design. The positive aspects of this study are its prospective design, focus on a sample of Type 1 diabetic patients, independently identified and relatively representative and the standardized assessment of cardiovascular endpoints. The main weakness was the relatively small study sample size. Nevertheless, there were several significant findings. The use of frozen plasma samples stored for 6 to 14 years for the NMR spectroscopy measurements represents a potential limitation of our study. However, data from other studies indicate negligible differences in lipoprotein particle sizes and subclass levels in fresh and frozen samples. Moreover, any theoretical random misclassification due to freezing artifacts would tend to bias our results towards the null. A potential limitation of the NMR spectroscopy method is that the conversion factors for expressing "particle" mass as "lipid" mass were derived from non-diabetic subjects. Another weakness of this study is that cases of angina were not validated by stress testing and similarly CAD could not be fully excluded in the control group, as full cardiac evaluation is not feasible in epidemiological studies.
Statin therapy. In this study, lipid lowering drugs were used by only one CAD case and none of the controls and had, therefore, little influence on the results. Similarly, there are no independent associations on CAD for other medication types including diuretics, beta-blockers, calcium-channel blockers, ACE inhibitors and aspirin. Recently, some trials have shown that statin therapy reduced NMR spectroscopy-measured lipoproteins, with reductions in VLDL subclasses and large LDL and increases in large HDL subclasses found in Type 2 diabetic patients with a modest dyslipidemia and prior CAD (Soedamah-Muthu et al. unpublished 2002) and reductions in small or large LDL subclasses depending on what subclass was most predominant at baseline in non-diabetic patients with prior CAD [50] . Whether statin therapy will have a beneficial impact on NMRmeasured lipoproteins, particularly medium HDL, in Type 1 diabetic patients remains to be established.
Total VLDL particle number and overt nephropathy were positive independent predictors of CAD in this population of Type 1 diabetic subjects, while levels of medium HDL were positively predictive and large HDL was negatively predictive. These results suggest that lipoprotein subclass measurements by NMR spectroscopy could further refine the lipoprotein prediction of CAD in Type 1 diabetes.
